Experimental results are reported for a coolerless wavelength division multiplex (WDM) source. Simple quadratic trends extracted from the laser tuning characteristics are used to stabilise the wavelength for 32, 100 GHz-spaced, channels. Wavelength accuracy of <0.1 nm was maintained over a temperature range of up to 50 C, limited by the lasers used in this work.
Introduction: As cost effectiveness has become a key issue for the telecommunications industry the temperature control systems for semiconductor laser wavelength division multiplex (WDM) sources have become a prime target, as shown by the strong growth in coarse wavelength division multiplex (CWDM) [1, 2] networking. This technology uses uncooled lasers, widely-spaced channels (20 nm) and simple inexpensive filters. The success of CWDM has started a growing interest in uncooled lasers for closer channel spacings [3, 4] for standard WDM application with 100 GHz-spacing where the optical filter components are still relatively inexpensive.
This Letter describes a system, which, by monitoring the temperature of the laser only, stabilises its output wavelength with an error <0.1 nm. The trends used in the control loop were extracted from the laser tuning characteristics. The lasers used are sampled grating distributed Bragg reflector (SG-DBR) types to allow demonstration of the stabilisation over 32 channels (1532-1557 nm) when the temperature was varied from 10 to 60 C.
Experimental system: Fig. 1 shows the experimental system used for the stabilisation experiment. The laser gain section current was fixed at 90 mA. The three other sections (the front, rear and phase sections) were driven by a multiple channel general purpose interface bus (GPIB) controlled current source. The current source and the thermal sensor embedded in the laser package were connected to the computer containing the stabilisation programme. In order to change the laser temperature over a large range the laser was mounted on a Peltier cooler connected to a separate current source, allowing independent control of the laser temperature.
Wavelength monitoring was carried out using an optical spectrum analyser with a resolution of 0.06 nm. The stabilisation programme reads the temperature from the thermal sensor and sets the front, rear and phase currents required to maintain the selected wavelength.
The currents were changed using quadratic trends that were obtained from the general tunability mapping of the laser and a trend for the phase section that was extracted from SMSR characteristics. The phase needs to be controlled, as for large temperature changes, the Fabry-Perot cavity length changes in such a way that though the output wavelength will not change by more than 0.3 nm by using the trends for tuning sections the laser will hop from one Fabry-Perot mode to the other approximately every 3 to 4 C.
Results and discussion: First, wavelength measurements were taken for 32 different channels spaced by 100 GHz from 1532 to 1557 nm. Secondly, a single channel (1537 nm) was selected to take measurements of peak wavelength and SMSR with the phase control in use and omitted. Fig. 3 shows the results for a typical channel in more detail. The two measurements (with and without phase control) are compared to the measured unstabilised drift of 0.13 nm= C. The results show that the laser wavelength did not drift by more than 0.06 nm (measurement limited) when the temperature was changed from 10 to 60 C. Furthermore, Fig. 3 shows the importance of the phase section control as one can clearly see the cavity mode jumps (SMSR tending to 0 dB) every 3 C when the phase section was not controlled as in a previously reported scheme [3, 4] . Using phase section control, the SMSR remained around 50 dB over the full temperature. C, for 32, 100 GHz-spaced, channels has been demonstrated using a simple control algorithm requiring only sensing of the laser chip temperature. Subject to laser current limits, for each of these channels the wavelength drift was measured to be less than 0.1 nm over the 50 C temperature range compared with the 0.13 nm= C free-running drift measured for these lasers. Furthermore there were no cavity mode jumps and the SMSR remained around 50 dB over the full temperature range. The range of temperature used was set by operating limits for the tunable lasers used, and in this case only 17 of the 32 channels were controlled over the full temperature range with the remainder controlled over a 30 C range. Commercially available widely tunable semiconductor lasers are currently expensive and not adapted for coolerless operation, but this experiment illustrates the value of uncooled tunable lasers to be used in a WDM network. Future work will involve the use of distributed Bragg reflector (DBR) lasers for specific WDM channels with long phase sections which will allow still larger temperature ranges. 
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